INTRODUCTION
Node 1 flew to ISS on Flight 2A. It was the first module of the United States On-Orbit Segment (USOS) that was launched to ISS. The Node 1 ISS ECLS design featured limited ECLS capability. The main purpose of Node 1 was to provide internal storage by providing four stowage rack locations within the module and to allow docking of multiple modules and a truss segment to it.
Of the five Node 1 ECLS subsystems this paper will only address the nominal operation of the THC subsystem. The nominal operation of the Node 1 THC subsystem capability can be subdivided into their suballocated functions. The Node 1 THC consists of: 1) intramodule ventilation, 2) particulate and microbe removal and disposal, and 3) intermodule ventilation (IMV) with adjacent elements including cooling of Node 1, the Cupola, and/or the Mini-Pressurized Logistic Module (MPLM) [the name for the MPLM was changed from Mini-Pressurized Logistic Module to Multi-Purpose Logistic Module later in the Program] with cold IMV air from the United States (U.S.) Laboratory Module.
The Verification of the ISS hardware is accomplished using a building block process. Verification starts at the Component Level and progresses until the Element Level Verification is complete. The primary objective of the Qualification Verification program is to ensure that the subsystems meet the section three requirements in the Prime Item Development Specifications (PIDS). The PIDS dictates whether a section three requirement is verified by test, analysis, inspection, and/or demonstration, as documented in section four of the PIDS.
Node 1 is a Protoflight Test Article since no Element Qualification Test Article exists. Therefore, no additional ground testing or evaluations can be performed on Node 1 after it has been installed into the Space Shuttle Payload Bay and launched to ISS. Node 1 is shown in Figure 1 during processing at Kennedy Space Center (KSC) and in flight during the Flight 2A series of Flights (i.e., Flights 2A, 2A.1, 2A.2a, and 2A.2b).
SUBSYSTEM OVERVIEWS
A general overview of the nominal operation of the Node 1 THC subsystem is provided below.
THC:
The Node 1 THC hardware, as shown in Figure 2 , consists of an Inlet Orbital Replacement Unit (ORU); four cabin air bacteria filter/housing assemblies; a plenum that holds the four bacteria filter/housing assemblies, two linear diffusers; four cabin air diffusers; nine IMV isolation valves; three IMV fans each with a set of mufflers; one Node 1 air temperature control rheostat; two variable air volume damper assemblies (VAVDAs); three IMV inlet screens; four manual THC isolation valves, flexible air ducting, and hard air ducting made from a composite material.
The Node 1 intramodule ventilation is predominately provided by the Inlet ORU blowing air out of the radial port area linear diffusers and the starboard rack bay area diffusers. It is also supplemented by the aft IMV fan blowing air out of the port rack bay area diffusers when the Russian Segment (RS) IMV air is not being transported to the U.S. Laboratory Module, and by the starboard IMV fan blowing air out of the radial port area linear diffusers after delivery of the Joint Airlock to ISS and when no extravehicular activities (EVA's) are being performed out of the Joint Airlock.
The particulate and microbial control in Node 1 is provided by the four Node 1 bacteria filters that are installed in the four bacteria filter housings which are contained in the Node 1 plenum. The bacteria filter was designed to remove 99.9% of all particulates 0.3 microns and larger. The airflow through the four bacteria filters is provided by the Inlet ORU. The four bacteria filters are prefiltered from large airborne debris by the return air grill at the top of the plenum and from smaller sized airborne debris by the screen on top of the bacteria filter housing. The crew cleans these two areas once a week as part of their nominal house cleaning task.
The purpose of the Node 1 IMV is to provide air exchange between Node 1 and the adjacent elements. It allows for centralized atmosphere revitalization and oxygen partial pressure control. The IMV in Node 1 is flexible to support the assembly operation by opening or closing the manual THC isolation valves and by enabling or disabling the IMV flow from an attached element by opening or closing the IMV valves at the Node 1 interfaces. The Node 1 IMV design has two configurations to minimize the partial pressure of carbon dioxide (ppCO2) in the U.S. Laboratory Module. One is to direct the RS IMV air from the Node 1 aft port IMV interface to the Node 1 forward port IMV interface. The other is to direct Node 3 IMV air from the Node 1 nadir forward interface to the Node 1 forward port interface. The IMV also has a secondary function of providing temperature and humidity control in Node 1; the MPLM when docked to Node 1 during assembly; and the Cupola (if it is attached to Node 1) by transferring cold air from the U.S. Laboratory Module Common Cabin Air Assembly (CCAA) to those elements. Temperature control in those elements is controlled by opening up or closing down the two VAVDA's in Node 1. This is accomplished by adjusting the appropriate rheostat in Node 1 or the Cupola. The rheostats are designed to transmit a signal to the Node 1 Multiplexer/Demultiplexer (MDM) based on their position. The software in the MDM then interprets the rheostat position into a VAVDA position and then transmits a valve position command to the appropriate VAVDA, as required.
ELEMENT LEVEL VERIFICATION PROGRAM

NODE 1 THC QUALIFICATION METHODOLOGY:
Circulate Intramodule: Boeing -Huntington Beach analyzed the air circulation velocities for the two different areas in Node 1, i.e. the rack bay area including the aft hatch area and the radial port area that includes the four radial hatch areas and the forward hatch area, using equations from the Carrier Air Conditioning manual and the American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) handbook to show compliance for this requirement assuming a clean crew cabin closeout.
Requirement Verification
For the rack bay area they analyzed three different possible configurations.
The Based on these results Node 1 met its particulate removal requirement. Even if the Inlet ORU flow through the bacteria filter was reduced due to the maximum cold IMV flow from the U.S. Laboratory it still would meet its requirements.
Remove Microbes:
Node 1 shall limit the daily average airborne microbes in the Node 1 atmosphere to no less than 1000 colony forming units per cubic meter. Whenever Node 1 is required to remove gaseous contaminants from the atmosphere, it is not required to simultaneously remove airborne microbes.
The Node 1 capability to remove airborne microbes from cabin atmosphere shall be verified by the analysis performed in 4.3.2.1.39.
Boeing -Huntington Beach analyzed the microbe removal rate based on the Inlet ORU provided 8. for three crew members in Node 1, 932 CFU/cubic meter [32,981 CFU/cubic feet] for four crew members in Node 1, and 990 CFU/cubic meter [34,967 CFU/cubic feet] for five crew members in Node 1 if all of the adjacent elements met their microbe requirements. It is assumed that post delivery of the U.S. Laboratory Module that no more than two crew members will be in Node 1 for any length of time so even if the Inlet ORU flow through the bacteria filter was reduced due to the maximum cold IMV flow from the U.S. Laboratory it still would meet its requirements.
Based on these results, Node 1 met its microbe removal requirement.
Dispose of Particulates:
Requirement Verification
Particulate contaminant removal as specified in 3.2. Boeing -Huntington Beach analyzed the life of the filters to make sure that they could last at least 90 days based on the specified filter end of life requirement of filtering 32 grams of airborne debris without dropping the filter delta pressure from < 8.4 mm-H2O (0.33 in-H2O) to < 0.5 in-H2O (12.7 mm-H2O). The analysis used the average particulate level in Node 1 of 0.05 mg/cubic meter (100,000 particles/cubic feet) to calculate an average density of particles, the filter qualification data removal efficiency of 99.97%, the inlet ORU providing 8.49 cubic meter/min (300 cfm) through the filters, the results from the steady state particulate level of 2,022 particles/cubic meter [71,421 particles/cubic foot] in Node 1 if all of the adjacent elements were at their maximum daily average particulate level, and the fact that there are four filters in Node 1. They also analyzed what would happen to the filter life if all of the adjacent elements were at their peak particulate levels and the Node 1 steady state level was at 39,689 particles/cubic meter [1,401,821 particles/cubic foot].
The access and removal of the filter per SSP 50005 will not be addressed in this paper. It was addressed during the requirement closure process for Node 1 as part of the Flight Crew System and Integration (FCS&I) requirements and not by the ECLS team.
Results:
Based on the analysis the filters will last 293 days if the adjacent elements were at their maximum daily average particulate levels and 14.9 days if the adjacent elements were at their peak particulate levels to collect 32 grams of material. It is assumed that the peak level in the adjacent elements is only a short term transient condition so the filters should easily last > 90 days.
This analysis is conservative since the filter qualification showed that it would take 250 grams of material to have a delta pressure of 12.2 mm-H2O (0.48 in-H2O) versus the specified value of 32 grams of material with a pressure loss of < 12.7 mm-H2O (0.5 in-H2O).
Therefore the ECLS part of the disposal requirements was met.
Circulate Intermodule: Boeing -Huntington Beach analyzed the IMV pressure loss, suction pressure, or head pressure at each of the five Node 1 IMV interfaces during assembly and at AC. The analysis is based on the results from the Boeing -Huntington Beach flow balance development test with a 10% margin added to the pressure loss for the ducting and manual THC isolation valves in Node 1 for manufacturing variance between the BoeingHuntington Beach provided test hardware and the Boeing -Huntington Beach provided flight hardware. The analysis also used the specified IMV valve pressure loss, the specified IMV fan performance data, vendor provided Inlet ORU performance data, BoeingHuntsville estimated pressure loss for the IMV muffler plus 15% margin, Boeing -Huntsville estimated pressure loss for the IMV jumper plus 20% margin, development test results for the pressure loss versus flow rate for the charcoal filters that were installed in Node 1 instead of bacteria filters for temporary trace contaminant control prior to docking of the U.S. Laboratory Module to ISS and activation of the U.S. Laboratory Module trace contaminant control subsystem (TCCS), and Boeing -Huntsville estimated pressure loss for the IMV inlet screens plus 10% margin. The different Node 1 IMV configurations that were analyzed are summarized below: Node 1 to Node 3 Interface: The analysis calculated the pressure drop for this interface starting at the Node 1 plenum duct inlet to the Node 1 nadir aft interface. The analysis includes the pressure drop from some ducting, a manual THC isolation valve, and an IMV valve. It assumed the Node 1 nadir midbay manual THC isolation valve is closed. Node 3 to U.S. Laboratory Module Interface (at AC): The analysis calculated the pressure drop for this interface starting at the Node 1 nadir forward interface to the Node 1 forward port interface. The analysis includes the pressure drop from two IMV valves and ducting. It assumed the Node 1 port and forward manual THC isolation valves are closed. Node 1 to U.S. Laboratory Module Interface (during assembly): The analysis calculated the pressure drop for this interface starting at the Node 1 forward IMV inlet screen and exits Node 1 at the Node 1 forward port feedthrough. The analysis includes the pressure drop from the IMV inlet screen, a manual THC isolation valve, some ducting, and an IMV valve. It assumes the Node 1 port manual THC isolation valve and the Node 1 nadir forward IMV valve are closed. Node 1 to Cupola Interface: The Node 1 port forward interface was analyzed to determine the head pressure provided by the Node 1 port IMV fan. The circuit in Node 1 includes an IMV inlet screen, an IMV fan, two IMV mufflers, an IMV valve, and some ducting. The analysis calculates the head pressure when the Node 1 to Cupola VAVDA is closed and the Node 1 port IMV fan is providing > 3.68 cubic meter/min (130 cfm) to the Cupola. Node 1 to Airlock Interface: The Node 1 starboard aft interface was analyzed to verify the suction pressure the Node 1 starboard aft IMV fan will supply to the Joint Airlock ducting. The circuit in Node 1 contains an IMV valve, two mufflers, an IMV fan, some ducting, and a linear diffuser. The Node 1 starboard forward interface was not analyzed by Boeing -Huntington Beach since that interface was not planned to be used nominally for intermodule ventilation since the return path to the Joint Airlock will be normally through the hatch opening. U.S. Laboratory Module to MPLM at the Node 1 Nadir Interface (during assembly): The analysis calculated the pressure loss from the Node 1 forward starboard interface to the Node 1 nadir aft interface including the IMV jumper duct. The analysis includes the pressure drop from two IMV valves, a manual THC isolation valve, and ducting. The analysis assumes both VAVDAs and the Node 1 plenum manual THC isolation valve are closed. Node 1 to Pressurized Mating Adapter (PMA) 1 Interface: The Node 1 aft port interface was analyzed to verify the suction pressure the Node 1 aft IMV fan will supply to the PMA 1 ducting. The circuit in Node 1 contains an IMV valve, two mufflers, an IMV fan, and two cabin air diffusers. The Node 1 port manual THC isolation valve is assumed closed for this verification. The Node 1 aft starboard interface was not analyzed by BoeingHuntington Beach since that interface was not planned to be used nominally for intermodule ventilation since the return path will be normally through the hatch opening. Node 1 to PMA 3 at the Node 1 Nadir Interface (during assembly): The analysis calculated the required Inlet ORU fan speed to provide > 30.5 mm-H2O (1.2 in-H2O) suction pressure at the Node 1 nadir aft interface at 3.40 cubic meter/min (120 cfm). Since the plenum and the IMV leg providing suction to PMA 3 are parallel the flow split for the two legs was determined by an iteration process. The PMA 3 suction leg included the pressure loss from an IMV valve, a manual THC isolation valve, the Node 1 VAVDA, and ducting. It assumed that the Node 1 forward starboard IMV valve and the Node 1 to Cupola VAVDA were closed. The charcoal filter suction leg included the pressure loss from the four charcoal filters, the bacteria filter/housing assembly and ducting. Since the configuration included the Inlet ORU the analysis had to consider the performance capability of the Inlet ORU and the pressure drop from ducting, the cabin air diffusers, and the linear diffusers that the Inlet ORU is blowing air out. U.S. Laboratory Module to Cupola Interface: The analysis calculated the flow split of cold air from the U.S. Laboratory Module and ambient temperature Node 1 air and still meet the specified flow rate and head pressure requirements. Since the Node 1 IMV inlet screen leg and the Node 1 Cupola IMV leg have a common tee with the same pressure level and the flow versus pressure loss through both legs based on different Node 1 Cupola VAVDA positions the flow split can determined by an iteration process. The U.S. Laboratory Module IMV leg included the pressure loss from an IMV valve, the Node 1 to Cupola VAVDA, and some ducting. It assumed that the Node 1 forward manual THC isolation valve, port manual THC isolation valve, and the Node 1 nadir forward IMV valve are closed. The IMV inlet screen leg included the pressure loss from the IMV inlet screen and ducting. The Node 1 Cupola IMV leg included the pressure loss from an IMV valve, two mufflers and some ducting and the pressure rise from the IMV fan. For the analysis the resistance of the Cupola was estimated based on the new flow rate at the interface using the following equation: 
Requirement Verification
42122, paragraph 3.2.1.5.4.1, Node 1 shall receive intermodule atmosphere from the Airlock, at flow rates as the valves, fans, etc, necessary for the activation of the flows to and from the USL interface junctions can be activated by the defined combinations of the interfaceCalculated Cupola =
CONCLUSION
The verification of Node 1 utilized a building block approach from the Component Qualification data through to the Element Level Verification. This paper provides a general overview of the nominal operation of the THC subsystem in Node 1 and of the ISS ECLS Element Level Verification program for the THC subsystem in Node 1. It also showed that nominal operation of the Node 1 THC subsystem that was discussed in this paper met all of its Element requirements.
